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By Edmund shawl! 
INTRODUCTION 


ig paper is one of a series being prepared by the United States Bureau 
s describing mining and milling methods and costs at industrial mineral 
throughout the United States. These papers are designed to disseminate 
vical information regarding the methods and equipment used. The cost tab- 
-ons reovresent operating expenditures only and not total production costs. 

s recognized that »;1blication of total vroduction costs might, in many 

ances, cause snbarrasenent to individual producers as well as to the indus- 
as awhole. On the other hand, operating costs are essential to the tech- 

1 d:scussion and study of the methods employed. The attention of the reader 
recifically called to this differentiation in order that no misunderstanding 
s¢ score of the cost tabulations shall ensue. 
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F.d. Weisel, Inc., with office at La Habra and plant at Corona, Calif., 

“@ Only local company that produces sand for the Los Angeles glass factories, 

ough silica sand for other purposes is produced in other parts of southern 

‘ornia and the adjacent portions of Nevada. The deposit at Corona consists 
darse SANd imbedded in a whitish clay and differs greatly from the other 

s.ts, which are fine-grained sandstone that must be crushed before it can 
‘reened and washed. The preparation of Corona sand has to be thorough and 
“288 grinding in tube mills, repeated washing and rinsing, removal of dust 
- seraratien, and magnetic separation of iron and other minerals. This 

"2s a tlart with a complicated flow sheet. The first plant built did not 

a satisfactory glass sand, and many additions and changes were necessary. 

; peeouent that the present flow sheet will remain substantially unchanged 
-atew plant is built. The design of a new plant would be simpler, but the 
ss Would be the same. 


acnowladement is due G. A. Van Valin, manager, for much of the information 
ned in this paper and for the explanation of the operation. 


“@ Bureau of Mines will welcome reprinting of this paper provided the 
-Ollowing footnote acknowledgment is used: "Reprinted from U. S. Bureau of - 
«ines Information Circular 6937." 

8 of the consulting engineers, U. S. Bureau of Mines. 
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‘HISTORY AND DEYELOPMENT 


The denosit was opened and developed by the present owners but under 2 
different management. The plant was erected in 1925. It was not a success com 
mercially because of the cost of exnarimentation necessary to determine the 
proper process required to make glass sand from the. banx material. Success ms 
attained after the plant was roor csanized arter many changes in methods and equ 
ment had been made that reduced labor costs. 


GEOLOGY 


The sand is within an area of marine deposits of Eocene age shown ona 
geological map of Rivereide County (fig. 1), copied from the 25th report of th 
California State Mincrelogist, pudlished in 1929. These marine deposits occ 
an aroa about 25 miles long by an average of 4 miles wide, which extends nor: 
west and southeast. It is vordered on the northeast by the Quarternary pla:n 
(through which runs the Santa Ana River) and vlutonic rocks (in which there is 
granite quarry) and on the southwest side by beds of Triassic limestone. 


The deposit is on both sides of a valley through which the State highway 
from Corona to San Diego has been buiit. It is assuned that this was once a 
continuous deposit through which the valley was cut by erosion. The portions 
being worked is in a long, low hill, and of this portion an area approximately 
1,000 feet long and 800 feet wide has been proved by drilling. Only a very = 
area in proportion to the whole has veen worked. The depth of the present Wor 
face is 100 feet, and the floor is in good sand. Drilling has snown that the 
depth varies with the surface contour from 40 to more than 125 feet. A conse 
tive estimate, made from prospect drilling, places the reserva in this part 0: 
the deposit at 700,000 tons of recoverable sand. On tho other side of the hi: 
way an irregular area, containing arvroximately 1,000,000 square fset, hes b2 
prospected by drilling 100-foot holes, none of which went through the sand. 
This was reported upon by an outside enginecr as containing at least 2,000,cC 
tons of recoverable sand. Thore is vory little overburden, and if a new cla: 
built .it will probably be in this area across the road from the presant piant 
Parts of the arza now being worked are covered with considerable overburden, | 
the amount is nogligivdle where the present work is going on. 


The denosit is not within the limits of a city or tovm. There are no fo 
nearby, and the nature of the operation is such that the nearest neighbor can 
be seriously damaged. The waste water from the plant is used to irrigate an 
Orange orchard, and the solid wastes, mainly clay, pack hard and do not blow 


The tovography is rolling--an area of low hills and rather flat valleys. 
The mountains of the Santa Ana Rance are not far away. Toward Corena the ro: 
into the flat Quarternary plain and the Santa Ana River valley. 


Character of the Material 


The deposit consists of small pebbles and sand cemented by a whitish cl: 
Although a good-sized lump can be broken with the fingers, the cementing bon: 
sufficient to prevent the use of a vnover scraper for excavating the deposit 1 
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t breaking it by blasting. As all excavation, including the floor, is 
in the deposit, the character of the surrounding rocks does not affect the 


in any way. 


A mechanical analysis of the bank matwrial is anvroximately as follows: 


Sieve Analysis of Banx Material 


Percent 
Clay and fine sand, -200 mesh .e.ccacretescvescccses 30 
Sand, +200 to 1/4 inch ......... -eneiaconoesae: 102 
Pebblos, +¢ inch to —3 inch ...eesecacscsecceccces 8 


Peboles larger than Z 


a 
ros 


inch diameter occur in n2gligible quantity. 


the sand and small pebbles are almost wholly silica, although grains of 
istar may easily be nicked out of the coarser sizes. There is no complete 
ri. Of a chemical analysis of the bank material, but the finished glass sand 
t2¢ following comoosition: 


Comvosition of Glass Sand 


Tercent 
SL0d. secs scveeree ee ee ee ee ee eee ee ee 94 .5--90 
Al503 ere Come cera ene e eevee cecesesessvesoceses Conn 405 
KoO and NasO0, etc. seevesecrseveees ee ae eccccee LeB—— 245 
FOD0Z cece eer e ccs eeeees ec ee ee » .03- .O4 


ine glass factories have set 3 percent Al503 and 0.05 percent Fes0z as 
in limits. 


-se cementing clay dries white and is said to be nearly pure kaolin. The 
sence Of feldspar makes this probable. | 


PROSPECTING AND EXPLORATION 


Frospect ing is done by means of a drill rig, designed and built at the plant, 
“8 tive generally used for driving water wells. It is set on an automobile 
S828, which is jacked up while drilling is going on, so that power can be 

from one of the rear wheels. The bailer, made of a 12-foot length of 

“2 Well casing, has a shoe that serves as a bit. The tip is covered with 

ste (a hard alloy) to take the wear. 


oh Prosvecting the unmined area across the road the holes were set about 
+98t azart one way, but not according to any particular vattern. Three were 
‘the tons of hills, three in valleys, and three on the sides of hills. 

"re put down 100 fect without going through the sand. No water was found in 
“Wthe holes. Every time tho bailer was emptied the driller threw in a few 


“8"8 of water. 
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METHODS OF SAMPLING AND ESTIMATION OF TONNAGE 


During prospecting samples were taken from the bailer every 10 feet, and 
some partial analyses were made on composite samples. No samples of the bark 
material are taken regularly. Samples of the finished product are taken reg- 
ularly from the bins and tested for iron in the plant laboratory. The method 
employed is to fuse with an alkali, make a solution, and compare with a stands 
color solution. Other determinations are made in commercial laboratories in 
Los Angeles and Lancaster, Ohio. The dry weight of one cubic foot of bank 
material is assumed to be 100 pounds, for estimating purposes. Reserves are. 
so large that no record of depletion as a percentaze is kept, but occasional 
measurements ara madg ofithe quantity removed in'a given time. All sieve test- 
ing is done with hand-shaken Tyler Standard testing sieves. | 


CHOICE OF MINING MeTHOD 


Power-scraper loading was adopted because it was deemed to be the most 
economical method under local conditions for the tonnage to be handled. 
Originally the material was loaded and transported to the conveyor belt that 
fed the plant by scrapers drawn by tractors. This was axpensive; the bill for 
repairs to tractors was about $200 per month, and the labor costs were high. 
For the comparatively small tonnage (140 tons per day to produce 100 tons of 
finished sand) the power scraper has been found to be very satisfactory as to 
both first and operating costs. 


Mining is simplified by tho fact that there is no dilution with waste and 
no need for selective mining; everything in the bank goes to the plant. No 
development is required, and the only plant transportation is by the scrapar 
bucket. 


MINING 


Holes are drilled by electrically driven coal augers, which penetrate 4 f 
per minute. They are set in two rows, at the toe of the bank face, which is 
100 feet high and stands nearly vertical. The holes in the lower row are 
staggered vertically with those in the upper row as shown in figure 2. 

The lower holes are horizontal and are driven at the level of the floor, but % 
are slanted 45? from the line of the face. The upper holes are normal to the 
face, but pointed downward, so that the bottoms are at the floor level. All 
holes are 16 feet deep. 


Augers are made of standard, 13-inch, twisted steel of 2-inch gage. They 
are sharpened by cutting tha point on the anvil to the right shape and slant 
without grinding. The points are hardened by heating to a cherry red and then 
plunging them into water. This has been found to produce the best wearing roi 


Sixteen holes are loaded with 40 parcent dynamite and shot at one time. 
No. 6 caps and fuse are almost always used for firing, but when the pit foren: 
judges that simultaneous firing would be better because of the condition of t& 
face electric detonators and a battery are used. All the details of drillinz 
blasting are left to his judgment. The consumption of explosives averages 
1/10 pound per ton of bank material brought down. 
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Figure 2.= Position and direction of holes in a 16-hole shot. 
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Recently blasting with vertical hol2s, put down with the prospecting drill 
described, has been tried. Holes were drilled 18 feet apart, 18 feet back 
1 the face, and were 90 to 125 feet deep, all holes being bottomed at the 
‘lof the floor. Each hole was loaded with 200 pounds of powder--two-thirds 
re bottom and one-third at the center of the hole. The results were so 
factory that this method may be adopted for regular work, especially if 
‘iction is increased. 


LOADING AND TRANSPORTING TO PLANT 


The matzrial shot down is drawn to the belt that feeds the plant by 
2s of a crescent-shaped, #-yard, power scraper bucket, operated by a hoist 
2 a 50-horsepower, “io-volt, alternating-current, induction motor. The 

rent ls supplied by a transmission line carried on poles. The inhaul rope | 
;-inch and the outhaul 1/2-inch in diameter. The life of these ropes under 
sent conditions has not been determined, but it is more than 1 year. The 
2i of the bucket is 300 feet per minute going out empty and 240 feet coming 
-aded. The tro men who do the drilling and blasting also operate the 
acer and do all other necessary work in the pit, except that they may call 
vners employed in the plant to help change sheaves and for other extra work. 


re 


At the inhaul end the scraper is drawn up a 16" incline built of steel rails 
--Scharge into the hopper that feeds the plant conveyor belt. The rails are 

le inches apart and serve as a grizzly, lumps that will not pass being broken 
cand. At present the bucket travels about 200 feet, and the discharge hopper 
zout 225 feet from the hoist house, the total span being 425 feet. 


‘se plant conveyor, described in detail later, is 250 feet long and has about 


19 3 inclination. It discharges into a rod grizzly, the first of the plant 
LLLOS. . 


GRINDING 


4s the material is not closely consolidated it disintegrates in the prelimin-— 
'scruobing and washing until everything passes a 4 -inch round—hole screen. 

“€, 10 preliminary crushing is required and the necessary reduction can be made 
2 sude mill 18 feet in length and 6 feet in diameter, outside measurements. 
‘Teed ig 00 percent solids and 40 percent water by volume. The tube mill is 

“a tith silex blocks, which reduce the inside diameter to about 5 feet and the 
-2¢ length to about 15 feet. The blocks are imported from Belgium and cost 
"$f ton at the plant, freight included. Danish pebbles Nos. 3 and 4, which 

* tcroximately 3 and in inches in diameter, are used for grinding. The pebble 
* soroximates 23,000 pounds. They cost $20 per ton at the plant, and 200 ©. 
“3 ls added each week. ‘The life of the block lining has not been determined 
8? rresent conditions, but it is estimated from mepeurenenvs that it will last 
"<0re than 10,000 tons. 


Pha 
oa 


‘ornerly an &-foot double conical mill was used for this work, but this is 
el as a scrubber for blast sand stock and is run without pebbles. Block 
"8 in this mill were worn out after grinding 4,000 to 5,000 tons. 

oR 
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| SCREENS 


The screens in this plant are numbered from 1 to 10 on the accompanying 
| 


flow sheet (figure 3). | | 
: Screen 1 i 


This is a trommel that recsives the original feed after it has passed a . 
revolving rod grizzly and a revolving scrubber. The trommel is an extension | 
of the scrubber and is on the same shaft. It is 11 feet in length and 4 feet 
in diameter, and has $-inch round holes. Tha oversize is practically negligi-~ 
ble in quantity. What little there is consists of clay lumps that fall to tke 
ground and are taken away in a wheelbarrow and thrown into an old working. 
All that passes this tromnel goes to washer 2, an’ inclined screw, which is 
followed by a paddle washer, No. 3, and then it goes to screon 2. 


Screen 2 
This is a 3~ by 6-foot, double-deck, flat screen inclined 30°: It is hing 
at the lower end and vibrated at the upper end by an eccentric shaft. The ury 
deck carries Gmesh cloth and the lower limesh. Oversize (plus 6-mesh) and 
undersize (minus ll—mesh) are washed in washer 5 and then go to the tube mill. 
The intermediate sizes (between minus 6 and plus lu~mesh), comprising raw 
material for blast sand, go to the double conical mill through washer 4. 


Screen 3. 


This is a 3- by 6-foot inclined screen, resting on the ends of flat woodez 
springs, vibrated by an unbalanced pulley 600 times per minute. It is set at 
the highest point of the plant and receives the blast-sand stock after it has 
been washed in washer 6. The feed is lifted to it by elevator’ 1. ‘The screeni: 
medium is 30—mesh wire cloth, and the undersize goes by gravity to one of the 
glass-sand washers (No. 11) below it. The oversize (blast-sand) goes toa 
drainage bin and then to the drier if it is to be dried. Some of it is sold x: 
a damp state. 


Screens 4 and 5 


These are 3~ by 6 feet and of the same type as screen 2 except that they 
are single-deck screens, They are in parallel with screen 6, and all three ar 
covered with 30-mesh wire cloth and are fed from a revolving distributor. The 
three are the main plant screens for separating the glass sand from the dischks 
of the tube mill. The oversize, after passing screens 7 and 8, is returned ty 
gravity to the tube mill. Screens 4 and 5 operate at 600 vibrations per mim 


Screen 6 


? 


This screen was designed and built by Robert Rawson, the plant foreman, 
his nurpose being to desig a screen that had no whipping motion and that woul 
bs easier on the screen cloth. In this he was successful, the brass wire clot 
having about twice the life on this as on the other screens. When the screen 
was designed this brass cloth cost $8 per screen and its life was about 10 day 
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Figure 3.— Flow sheet of silica-sand plant of P. J. Weisel Inc. 
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sriments with stainless-steel cloth have shown it to be much cheaper because 
life is more than twice that of the brass eTouns Tests had not been completed 
1 tois was written. 


The screen is set at the same angle as the others--30° from horizontal. 
corners of the frame rest on four spiral springs, which are at the bottoms 
the 4 rods by which the screen is suspended. On the same rods are four other 
ral springs set to resist upward motion, just as the lower springs resist 
avard motion. The frame is vibrated /7eO times per minute by a belt—driven 
ft that carries two unbalanced pulleys. The amount of vibration is varied 
cranging the weights that throw the ae out of balance. The construction 
this screen is shown in figure 4. 


Screens 7 and & 


These are 3~ by 6-foot electrically vibrated screens of the type that 
rates the cloth by a centrally located magnet and armature without vibrating 
franes They are covered with the same 430—-mesh wire cloth that is used on 
eens 4, 5, and 6. Screens 7 and 8 are set in parallel and are fed with the 
tsize of 4, 5, and 6, which is elevated to them by elevator 3, thus putting 
se two screens in series with the other three. The oversize goes back to 

tube mill by gravity; the undersize joins the undersize of screens 4, 5, and 
-m washer 11 to elevator 4 and is elevated to washer 12. 


Screen 9 


i1is is a vibrating screen of the same type as screens 7 and 8. It is fed 
h the hot material from the drier by means of the chain-and—bucket elevator 6. 
Oversize always goes to the blast-sand bin, whether blast sand or glass sand 
veing treated. The undersize goes to the dust remover and magnetic separator 
.tsen to the clean—sand bin. The purpose of this screen is only to keep 

‘tizn matter and accidental oversize out of the products, so it is covered with 
2tzer-mesh cloth (no.16) than the other screens. 


Screen 10 


This screen is of the same tyoe as no. 2 and nos. 4 and 5, vibrating 600 
*s a minute, but it is mounted on a frame that is on wheels so that it can be 
‘4 anywhere on the floor below the bins where the trucks are loaded for delivery. 
} drive is a 2-horsepower induction motor attached to the supporting frame. 
sundersize goes to an inclined portable belt conveyor, which discharges into 
2 .Tuck, and the oversize, usually small in amount, is shoveled into a wheel- 
"On 0 be whe@led away. The purpose of the screen is to remove foreign matter 
accidental oversize, but sometimes it is used to split blast sand into two 
788, 


CONVEYORS 


there are two belt conveyors in the plant, and a portable conveyor used in 
“ee loading. 
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Convevor 1 

This conveyor brin:;s thea fecd from the nit to the plant. It has a li: 
belt, is 250 feet long, center to center of pulleys, and runs at a speed of : 
feet per minute. It is supported on a trestle at an inclination of approxins 
1 to 3. The lower end taxes the feed from the hopper under the rail grizz-y;, 
which serves as a trac«x for the power scraper. This is ina pit below the 2 
ground level. The belt passes over the trestle, out of the pit, and disctre«r: 
to the "squirrel cage" (rod grizzly), which is above the main feed hopper. 7 
belt runs on three-roll troughing idlers with standard, greased, babbdited te: 
which have been found to give better service than some tynes of antifrictior 
idlers that were tried and that became filled with sand and locked. Some 22 
have been in service 10 years. 


Conveyor 2 
This conveyor feeds tne drier. It is a l2-inch belt, 30 feet long cent 
to center of pulleys, and handles about 6 tons ver hour. Tne feed is draine 
sand that is lifted to it by elevator 5. The amount of feed is controlled = 


screw feeder that discharges into the elevator boot. 


Portable Convevor 


This is a 12-inch belt conveyor on a frame th: t is carried on whsels a: 
is 32 feet leng, centor to center of pulleys. It is driven by an inductior. 
motor mounted on the frame. The tyre is the ordinary commercial portable co 
veyor used for loading coal at retail yards and for many othzr industrial rz 


DLEVATORS 


The plant has five bucket-and—-belt and one chain-and-bducket elevators. 
These are numbered from 1 to 6 in the flow shest. All are of the centrifuce 
discharge type. All but no.6 handle pulps with fairly high moisture content 


Elevator 1 


This elevator has a 30-font lift and a speed of 250 feet per minute. 1 
belt is 10 inches wide and the buckets are 6 by 0 by 9 inches. It is incliz 
about 5 frem. the vertical; all the other elevators are vertical. Its feed 
the blast-sand stock that has bean scrubbed in the double conical mill ard 
washer 6, and it lifts this to screen 3. 


Elevator 2 


This has a 20-font lift and a sped of 250 feet pir minute. The belt ; 
10 inches wide and the buckets are 6 by 6 by 12 inches. It receives the tu’ 
mill discharge after it has been washed in washer 7 and raises it to washer 


Elevator 3 


This has a 20—-foot lift and a speed of 250 feet p2r minute. The belt : 
10 inches wide and the buckets are 6 by 6 by 9 inches. It lifts the oversi: 
of screens 4, 5 and 6 to screens 7 and &, for rescreening. 
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Elevator 4 


This has a 2O-foot lift, a speed of 250 fset per minute, and the same size 
ami buckets as elevator 3. It lifts the undersize of screens 4, 5, 6, 7, 
3 to washer le. | 


Elevator _5 


This has the same lift, speed, and sizes of belt and buckets as nos. 3 and 4, 
tts the drained sand, fed tn it by the screw feeder, to conveyor 2, which 
the driere 


Elevator 6 


inis is a chain-and-bucxet elevator of 30-foot lift with 5- by 5- by 5-inch 
‘8. It lifts the hot sand from the dryer to screen 9. This elevator has a 
aousing; all the others have wooden housings. 


GRIZZLIES 


snere are two grizzlies. The first is in the pit and receives the scraper- 
{ discharge. It is made of 90—-pound rails, 20 feet long, and is set at 
10° from horizontal to provide a track on which the scraper may be drawn 

' the hopper that feeds conveyor 1. Only the part above the hopper acts as 
aly, and the sand is allowed to build up to the rails outside of the 

''. This grizzly may be rotated in line with the direction of the scraper's 


ine other grizzly, called a "squirrel cage" in the plant, is a revolving 
izzly made of old 13-inch pump rods fastened to circles of flat iron on 
‘rs, by which they are held to a central shaft. The speed is 18 revolutions 
snute. The oversize is lumps of clay that go to a waste pit in an old 

‘g. Besides taking out these lumps of clay, the grizzly is useful to 

‘ut lumps of partly cemented material so that it may be screened and washed 
‘2 scrubber~trommel below. The grizzly is 12 feet long and 4 feet in 

‘ter and the rods are set with Winch clear spaces. The discharge falls 

ly into a 10- by 10-foot hopper. | 


WASHING EQUIPMENT 


-@ Washing equipment includea a revolving scrubber, four "paddle washers" 

- are really scrubbers, as they have no overflow), one inclined screw washer, 
“Zey-motion" washer, two rake-type classifiers, three drag~belt classifiers, 
21foot thickener for washing fine sands. 


Washer 1 


-“e first washer is the revolving scrubber, 4 feet in diameter and 5 feet 

, inclined 13 inches per foot and held by spiders on the same shaft as the 

“el that follows it and to which it is attached. It is a cylinder of steel 
fo which are riveted "lifters" that lift and turn the material as it passes 
“2. The outlet is baffled a little to hold some water and feed in the 
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scrubber. The feed comes from the hooper above (below the rod grizzly) thro 
a 12-inch by 6~foot screw feeder. About 150 g.p.m. of water is added, this 
being the overflow of the 10-foot thickener, which recsives the ov=rflows o: 
all the washers in the plant following the tube mill. The regular rate of: 
is 140 tons, dry weight, of solids ner 8-hour day. 


Washer 2. 


This is a factory-made inclined screw washer, a lo-inch screw conveyor 
a trough about 10 feet tons, set at 18° from horizontal, and running at 16> 
It receives the undersize of the trommel (screen 1), which has been washed i 
the scrubber, and sends it to washer 3. The overflow of this washer cor.tsin 
more clay and fine sand than the overflow of any other washer. It goes toa 
1lo-foot thickener, first passing over a 7-foot cone in which coarser partic: 
settle, to be clarified for use in the mill. 


Washer 3 


This is one of four paddle washers, all of which were designed and tuil 
at the plant. They are somathing lixe log washzrs in appearance but are se’ 
horizontally, and have flat blades between th2 inclined blades that cut t*r< 
and urge the pulp along (as in a log washer). The purpose of these flat bl: 
is to break lumps of clayey sand that may be formed by the pressure of the 
screws against the moving mass. All the paddle washers have blades of the : 
size and type, 13-inch radius, which ara set on a 1-i5/lo-inch shaft. ‘he « 
is by a cain and sprocket connection to a jacx shaft and pulley and the sr 
is 65 r.p.m. The length of the paddle washers varies. Washer 3 is 12 feet 
These paddle washers have been found to give better results on this diffic:. 
material than any form of washer or scrubber that has been tried. The cons’ 
tion is shown in figure 5. | 


Washer 4 
This is another paddle washer of the same dimensions and speed as was® 


Washer 5 


This is called the "monkey-motion" washer becausa the linzage that mov 
the raxes that pull out the sand and raises them on the return has a pecull 
motion. It was designed and built at the plant. The washer is lo feet lon 
has 24-inch rakes, and is run at 32 strokes per minute. 


Washer 6 
This is a factory-built, raxe-type washer, 10 feet longs, with 32-inch 


blades. It washes the dischargs of the double conical mill (blast sand) = 
its product goes to elevator 1 and screen 3. 


5198 -10- 


Google 


oN ZN 


Countershaft for cnain-—and—spr ocket 
arive ? 


Length, 8 to 14 feet 


Discharge 
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Figure 5.— Paddle washer. 
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Washer _[ 


Tris ig a drag belt 16 feet long, the length given for all these washers 
ng that of the box. All drag belts were made at the plant. Both pulleys 
iget in bearings on the edges of the box so both are out of the water. 

1 tight side of the belt is the digging side, which is not the usual practice 
slants where the load is heavy; and the inclination is about 10°, varying 

: the length of the box. The overflow is at the end and the speed is 48 
tter minute. Washer 7 has a 10-inch belt which carries 18-inch flights. 
receives the discharge of the tube mill and its product goes to elevator 2. 


is elevated to washer &. 


Washer 8 


This is a factory—built, rake-type washer, 10 feet long, with 32-inch 
es, that washes the discharge of washer 7. The discharge from washer §& 
sty gravity to washers 9 and 10. 


Washers 9 and 10 


These are paddle washers (or scrubbers) of the type described, set in 
aliel, and 8 and 10 feet long, respectively. The pulp from these is diluted 
t water at the rate of 10 g.p.m., and then goes to the revolving distributor 
i feeds screens 4, 5, and 6. 


Washer 11 


iris is a drag belt 14 feet long with a 10-inch belt and 18-inch flights. 

“axes the undersize of screens 3, 4, 5, and 6 and delivers it to elevator 4, 
. discharges to washer 12. Washer ll has overflows on three sides instead 
my at the end. 


Washer le 


inis is a drag belt 14 feet long with a 10-inch belt and 24-inch flights. 
§ wider than the others to provide a greater settling area because it — 
es the fine sand from the 10-foot thickener. 


The 10-Foot Thickener 
eat ACA EY 


is is 4 feet deep and has a flat spiral instead of the usual blades to 

2 tre settled solids to the center discharge. The speed is 35 r.p.m. 

this and the 1o-foot thickener (described on pagel2) were originally fitted 
“aces, and both have shown better settling and dryer discharge since the 

“S$ Were put in. The solids from this 10-foot thickener go to a 54 by 

“. Stiral pump, which lifts them to washer 12. The overflow is pumped by 
“C1 centrifugal pump to the scrubber trommel (washer 1), as described. 
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PUME I 
Figure 6 is a flow sheet of the water-surrly system. 


All fresh water comes from a well 82 feet deep and is raised by a deer 
well turbine pump of 500 g.v.m. capacity to a 10,000-gallon storage tanz, Fric 
is 1/2-mile distant from th2 pump and 1/4-mile from the plant. The usual ta: 
water level is 117 feet above the lowest floor of the plant. 


The water comes to the plant throuzh a O-inch pipe thet terminates ine 
O-inch vertical column extending from the bottom to the top of the buildizs. 
It has the following outlets: A 3-inch line thet suprlies 20 g.pem. to the 
washer that receives the tube-nill discharge; a second 3-inch line that siz 
120 gepem. to drag belts 7, 11, and 12 and one rake classifier, no. 8; a 
third 3-inch line that surplies 500 g.p.m. to the sorays on screens }, 5, 4, 
7, and 8; a lg-inch line that supnlies 10 g.p.m. of water to the revolving 
distributor; and a 13-inch line that supplies 50 g.n.m. of water to screen }. 


For clarifying the clant water ther? are two thickeners, the 10-foct 
thickener described and a li-foot thickener, which is 4 feet deer. The latte 
has a flat iron sniral (instead of rakes), which revolves once in 4 minutes 
and 40 seconds. This receives the overflows of all the washers that precede 
the tube miil. They flow to a sump, from which they are pumped dy a 54 by 
€-inch spiral pumv and pass throuzh a 7-foot cone to remove heavy solids. 


The solids from this thicxener ars mostly clay, with some fine sand and 
mica. They run by gravity to a sattling sump, which is part of an old wor.c-s 
Here the solids settle hard and the water runs to an orange orchard below, 
vhere it is usec. for irrigation. Occasionally the solids are dug out with a 
small, home-made, cablewny scraper and are stacked in a vile. This disposai 
of the tailings is paid for by the owner of the orange orchard and is not 
charged to sand production. 


The overflow of this thickener soes to a high-speed, 1#~inch Piston cum 
which discharges into the clear water line. 


DRYING AND DUST REMOVING 


The washed sand from washer 12 goes to drainage bins and is drawn to tn: 
boot of elevator 5 by a home-made drag or scraper. This is a flat plank wit: 
plow handles. It delivers the sand to a screw conveyor 9 feet long with 2-1: 
diameter flights. The trough has an open top and is kept filled by the scra 
so that the screw delivers a wniform feed to the elevator, which in turn del 
to the 30-foot conveyor belt that feeds the drier. The feed may bde varied Tt 
Changing the pulleys that drive the screw feeder. 


The drier is of the direct-indirect type, 20 feet long and o feet in di, 
It uses 33 cubic feet per minute of natural sas and usually delivers 5 tons - 
hour of dried sand, the Output being 75 to 80 tons per day. The remaining r 
tion is sold damp for polishing, plastering, and other industrial purposes. 
There are no available data from which the efficiency of the drier may be 
Calculated. The feed is estimated to contain § to 10 percent moisture, and 
moisture can be detected in the product by the time it has passed the dust r 
and magnetic separator. 
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FRESH WATER 


Hell 


500 g.p.m. dee 11 pum 
6—-inch pipe, 4 mile 

1 A 
6-inch pipe mile 


6—incen vertical column with 5 outlets 


This also receives overflow of 16-—foot thickener 
by 1s-inch piston pump 


>Outlet 1, 3inch line that supplies 20 g.p.m. to washer 7 

>Qutlet 2, 3-inch line that supplies 120 g.p.m. to washers 7, 8, 11, and 12 
>Outlet 3, 3-inch line that supplies 500 g.p.m. to sprays on screens 4, 5, 
, 6, 7, and 8 

Outlet 4, 1$—-inch line that supplies 10 g.p.m. to revolving distributor 
Outlet 5, 1s-inch line that supplies 50 g.p.m. to screen 3 


>Other outlets supply water as required in addition to return water, to tne 
scrubber and trommel and to washers 2, 3, 4, 5, and 6 


CLARIFIED WATER 
Overf lows of washers 2, 4, 5, and 6 
54— by 8 inch spiral pump 
7-foot settling cone 


16—foot thickener 


Under f low Over f low 
to old working, 
Solids excavated by 14—inch high-speed piston pump 


Cable and piled 


To clear-water line 
Overf lows of washers 7, 8, 11, and 12 


10—foot thickener 


Under f low Over f low 
aes areas — 

“hoy Brinch spiral pump 4-inch centrifugal pump 
Masher 12 Scrubber and tromme 1 


(Washer 1 and screen 1) 


Figure 6.— Water flow sheet. 
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sre dried sand is elevated by a chain elevator (no. 6) to a lo-mesh, 
vically vibrated screen (no. 9), which removes accidental oversize and 

sn matter. Tne undersize soes to the dust remover, which serves also as 
ler. This dust remover was designed by Mr. Rawson, the plant foreman, and 
xilt at the plant. It is a box 6 feet long and 3 feet wide, two pyramidal 
rs forming the bottom. There is a flan between the two that is hinged at 
otton so that it may be thrown over to cov:r either hopver, according to 
ar glass sand or blast sand is being dried. Chutes lead from the hoppers 
€ magnetic separator and blast-sand bins. 


Tne feed comes from elevator 6, which takes the sand directly from the 
, weich has its fcsed controlled by a screw feeder; hence the quantity 
rt uniform. It soos into a small hopp2r over a feed roller that spreads 


toa thin sheet. This falls in front of a screened opening in the end of the 


ise box is under suction, which draws air through the screened opening 
nrouzh the falling feed, removing dust and also cooling the sand. The 

end of the hox is recuced to a point, to which is attached a 4-inch pipe 
cied to a blower that furnishes the suction and blows the sand to a cyclone 
a waste pile. 


& sattle of the waste, which did not include the finest dust that escaped 
22¢ cyclone exhaust, had the following sieve analysis: 


Sicve Anolysis of Dust Romoved 
Mesh Percent 
Retained on 30... ccccrccccccccesccere % 008 
Pass 50; Of OO vssswiosceegescaeanaen- “Te5 
Pass 60, ON SO coccsererereresccccccs {8 
Pass 60.,, On 100° sis cichevsciaaGseepes. -CoeL 


Paes 100, (On. 150' sess nveardoewuie eee 34.3 
Pass 150 eeo@e@eoeeeeoeeereeceseeeeeeeeeoeet © @ & @ 20.5 
100.0 


“2 sizes above 100-mesh were almost wholly mica, and there was some mica 
2 smaller sizes. 


ine glass sand flows by gravity from the dust remover to the magnetic separator. 


8 a connercial machine of the type that employs a closed magnetic circuit. 
-ectric magnets, set in groups of three, terminate in pole pieces that are 
2 to receive soft-iron rollers about 6 inches in diameter. On the other 


‘: these is a soft—iron frame, also grooved at top and bottom to reccive the 


To.lers, 
8 rolls ° 


Adjusting screws make it possible to vary the gap between the frame 
This frame acts as an armature and completes the magnetic circuit, 


= tametic fields in which the rolls revolve. This magnetizes the rolls, 

‘00 the neutral line between the magnets and the soft iron frame. At that 
‘£8 surfaces of the rolls lose their magnetism until they have passed it and 
<8? the influence of the magnets or the armature frame again. Thers are 
‘Sets of magnets, rolls, and frames set vertically, so that the sand flows 

"38 highest, which serves as a rougher, to the lowest, from which finished 

+S Gischarzed. 
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The feed flows over the rolls in a thin stream, from which the magnetic 
minerals are collected by achering to the rolls. When the neutral point is 
reached these minerals drop off and go to a box, from which they are draw ty 
the suction of a blower similar to that used for handling the waste from tte 
dust remover. No cyclone is needed to settle this waste for almost all the i: 
has been removed. It is allowed to pile up in the oven. A sample taken fron 
the pile had the following sieve analysis: 


Sieve Analysis of Magnetic Separator Rejects 


Percent 

Fass 30, on 4O mesh .....0.e0. Swieceseasene. 2b65 
Pass AO 5: On 00 MOEh: deta bocuaicasnas Seeman . HBSS 
Pass 60, on 80 mesh cecccosccsccccescons cose 1067 
Fass 80, on 100 mesh ........ io eae eue te ere eee 10.2 
Pass 100% on 150 mésh <«.sciscmetcenn <s eb sces 6.8 
Pass-1 50) vivede canescens een neers penumeawase 2.4 
100.0 


With a pocket magnifier the following minerals were noted in the rejects: 
Mica, (both biotite and muscovite), garnet, dried clay in fine grains, dark s: 
grains, and metallic iron that was presumably abraded from the pipes and the < 
of washers with which the sand came in contact while passing through the rla:: 


STORAGE, DELIVERY, AND MISCELLANEOUS 


The sands ready for shipment, whether damp or dried, fall by gravity into 
storage bins, which will hold about 10 days! run. They are supported on rosis 
above a concrete floor that forms a truck driveway. The ordinary way of load: 
however, is for the truck to take the undersize of portable scrgen by means o: 
a portable conveyor. These have already been described. 


The trucx takes the sand to a railroad siding where the company has horre 
for car loading. Most shipments are made by rail. 


TERCENT EXTRACTION 


From measurements of the ground excavated and from the shipring weights 
the various products sold it is calculated that /O percent of the bank mater: 
extracted is sold as finished product. Of this, from 70 to 75 percent is sol: 
as glass sand and the remainder as blast sand and for other industrial uses. 


PAY SYSTEM, SAFETY METHODS, AND ADMINISTRATION 


The Base pay is $0.50 per hour, and the men work 8 hours a day and 0 ay 
a wesk. Safety practices comply in all respects with the California laws, tu 
there is no first-aid organization. The only lost-time accident in 5 years w 
a foot injury that kept a man at home for 6 days. 
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Seven men are employed, including the general foreman. 


-sented below. 


Manager 


Pit foreman 


Hoistman 


Flant 
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An organization chart 


General! foreman 


oreman 


Assistant 


Clean-up man 


a 


COSTS 


Tile the total production costs of the sand actually shipred have been 


carefully, there are no detailed figures. 


To obtain figures that would repre-— 


2e costs of the various parts of the operation the totals were divided and 
sted according to the judgment of the manager and the general foreman. 
48 they were guided somewhat by detailed cost figures that were xept several 


/ago under different operating conditions. 


The totals were found each month 


ling all items chargeable to mining for mining cost and all chargeable to 
“g to milling cost, and sums of these totals were taken for a period of 
= Proauction, the results being 10.9 cents for mining and $2 for milling costs. 


Drilling and blasting 
Cents 


er ton 
LAOOF: i aS ee Oerks recete LO 


Supervision .weeecooe 1.0 
Uxclosives { 
POWOD” “ncik.34.4:6 ore ho ~1 
Other sunplies .... ol 

TOtaL. eo eheene. 16.9 


@eeeesvoee hive 


TAt ° . 
al cost, per ton of finished product, 
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Mining Costs 


Loading and transportation 
Cents 


per_ton 
Labor @eeeeveeerees7ereeeegee @ O 


SUPETVISION eeccseceee Le 
rower @®ee#seeeseencetseeeteo##eeee@¢@ 3. 
Supplies eee... 5 


Total Des eed erewelOeU 


15.9 cents per ton. 
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Milling Costs 


| Cost 
er ton 

Tube-mill grinding ........ Sie aie tase Se 030 
SCLCOUINS <6aeles does eS btw oome 8 ere ee ee ee eee 20 
Blevating ..-.es.e- ee ee eee piecsatet- 23 ee ee ee 10 
CONVE FINS eeu Niece 094 him Gre Swe eeeg we eUe Sener any we enerirecect b eheeiess 05 
Secrudbing «esses. ee ee 05 
Wachtel egies. aes See ed oa ees oe Se eee : 05 
PUMA ae aracwtam dette goa ere ees ene ae SG nih ee ae ee eee een acerieranss alt 
Clarifying wates «cs eeeecees Sere ree ee ee ee ee ee ee 03 
Dry ine: tvcneeseds aes Hanan eae ee chk iste Semaseeeceue. 0 
Hot scrseenirs, el:vating, and dust removing ..----.eee 015 
Magnetic separation ce seeescevervescces oie estes ee 15 

torags and trucixing, including loading with screen 

and portable conveyor ...... di eter iaisexcenariel Sieh Selene. adat erso tei ‘0% 35 


Total: Milling Cost. 4.0 ti eee totdeasewsiewiewkwwes, (2600 


This cost is per ton of finished product. It is expected that this cc 
and the mining cost will be considerably lower with increased production, 4 
one more man is needed to increase the procuction 50 percent. The vower co 
remain the same and the suxvplies will be increased but net in as great cro: 
as the production. 


Effort is made to keeo the average production at 100 tons ver 8hour¢ 
On this basis the man hours per ton would be 0.55. The motor ratings acd t 
250 horsepower. and on the basis of continuous full-rated load the power cs 
tion would be ©.5 horsenower ner ton per day of 8 hours, or 20 horsepower 
hours per ton. ; 
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